METHOD OF JOINING WIRE 



i BACKGROUND OF THE INVENTION 

This invention relates to a method of joining a wire, in which for 
example, a twisted wire, having a plurality of conducting wires, is joined to a 
mating connection member such as a terminal. 

There is known one related method of ultrasonic joining a twisted wire, 
in which a distal end portion of the twisted wire is beforehand fixed into a 
predetermined shape such as a semi-circular shape, and thereafter this distal 
end portion is joined to a mating member by an ultrasonic welding machine 
(see, for example, JP-B-56-27996 (pages 1 to 3, Figs. 1, 2 and 4)). 

Namely, as shown in Fig. 6A, the distal end portion 101a of the 
twisted wire 101 is placed on a lower electrode 104a mounted on a fixing arm 
104 of a resistance welding machine 102, and in this condition an upper 
electrode 103a, mounted on a moving arm 103, is moved downward, and the 
distal end portion 101a of the twisted wire 101 is pressed between the upper 
and lower electrodes 103a and 104a while energizing the two electrodes. As 
a result, the distal end portion 101a of the twisted wire 101 is fixed into a 
semi-circular shape as shown in Fig. 6B. 

Then, a flat-type aluminum wire (mating connection member) 105 and 
the twisted wire 101 are placed on an anvil 110 of an ultrasonic welding 
machine 106 as shown in Fig. 7, and thereafter a tip 109 is pressed toward the 
anvil 110, so that the distal end portion 101a of the twisted wire 101, which has 
been integrally fixed as describe above, is fitted in a groove 109a in the tip 
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109. 

Then, ultrasonic waves are applied from an ultrasonic 
wave-generating source 107 via a horn 108 and the tip 109 to the distal end 
portion 101a of the twisted wire 101 and the flaMype aluminum wire 105 to 
5 vibrate them, thereby joining them together as shown in Fig. 8. 

However, when the distal end portion 101a of the twisted wire 101 is 
fixed into the semi-circular shape, and the joining is effected with the groove 
portion 109a of the tip 109- of the ultrasonic welding machine 106 held against 
this semi-circular portion as described above, there is encountered a problem 
10 that an upper portion of the semi-circular portion is rubbed in a concentrated 
manner, so that there is a fear that a conductor is cut. 

Therefore, it may be proposed to keep the ultrasonic power to a low 
level so as to prevent the cutting of the conductor. However, this invites a 
problem that the strength of joining of the wire to the mating member is 
15 lowered. 

It has also been proposed to fix a distal end portion of a twisted wire 
into a flat plate-shape (see, for example, JP-A-2001-68244 (pages 5 to 7, Figs. 
1 and 2)). 

Namely, as shown in Fig. 9, a sheath 121 is removed from a distal 
20 end portion of a wire 120, thereby exposing a conductor 122, and the wire 120 
is fixed to a holder 123. Then, a distal end portion 122a of the conductor 122 
is held between a pair of welding electrodes 124 and 125 in an 
upward-downward direction. 

Then, the distal end portion 122a of the conductor 122 is pressed by 
25 the pair of electrodes while energizing these electrodes, so that this distal end 
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portion 122a is fixed into a flattened shape. 

However, the conductor 122 of the wire 120 has a round transverse 
eross-section (round wire). Therefore when the distal end portion 122a of the 
conductor 122 is pressed to be fixed into the flattened shape as described 
5 above,, the conductor 122 is spread into a generally fan-shape as shown by 
hatching in Fig. 10. 

Therefore, in the case of joining the distal end portion of the wire 120, . 
for example, to a welding terminal 126 as shown in Fig. 1 1 , there is a fear that 
a width W3 of the distal end portion 122a of the conductor 122 is larger than 
10 the distance W4 between a pair of side walls 127 of the welding terminal 126, 
so that the distal end portion 122a can not be set in this welding terminal. 

And besides, even when the distal end portion 122a of the conductor 
122 is inserted between the two side walls 127, the area of contact between 
the distal end portion 122a and the welding conductor 126 deviates from a 
15 predetermined value if the width W3 of the distal end portion 122a of the 
conductor 122 fails to have a predetermined value, and as a result there is 
encountered a problem that it is difficult to control the joining strength obtained 
by the ultrasonic welding. 

20 SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide a method 
of joining a wire, in which a high joining strength is obtained in a stable 
manner. 

25 In order to achieve the above object, according to the present 
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invention, there is provided a method of joining a wire, comprising the steps 
of: 

* providing the wire having a conducting portion consisting of a plurality 
of core wires; 

5 . restricting a width of the conducting portion; 

pressing the core wires of the conducting portion restricted in the 
restricting step; and 

. . joining the pressed core wires of the conducting portion each other so . . 
that the conducting portion is integrally formed into a flat plate-shape. 
10 Preferably, ultrasonic vibration is applied to the pressed core wires in 

the joining step. 

Preferably, the method further comprises the steps of: 

providing a connection member; 

setting the conducting portion of the wire to the connection member: 

15 and 

applying ultrasonic to the conducting portion and the connection 
member so as to join each other. 

In the above methods, first, a distal end portion of the wire, including 
the plurality of core wires, is fixed into the flat plate-shape having the 
20 predetermined width, and then this distal end portion is ultrasonic joined to the 
connection member by the use of an ultrasonic joining machine or the like. 

Namely, a sheath is removed from the distal end portion of the wire, 
thereby exposing the conducting portion, and then this conducting portion is 
kept to the desired joining width so that this conducting portion will not spread 
25 right and left. In this condition, the core wires are pressed in the direction 



perpendicular to the direction of the width, and are joined together, so that this 
conducting portion is integrally formed into the flat plate-shape. Thereafter, 
.the conducting portion, thus integrally formed into the flat plate-shape, is 
ultrasonic joined to the mating connection member. 
5 Therefore, the plurality of core wires can be integrally formed into the 

flat plate-shape such that the integrally-formed conducting portion has the 
desired width corresponding to the joining width of the connection member. 
Therefore, the conducting portion. can be positively joined to the connection, 
member in such a manner that the core wires will not become loose or untidy. 

10 And besides, the area of contact between the conducting portion of 

the wire and the connection member (which are to be ultrasonic joined 
together) can be kept to the predetermined value, and therefore there is no 
fear that the ultrasonic power can not be suitably applied to the joining portion 
because of variations in this contact area, and this eliminates the possibility of 

15 the defective joining, and therefore the ultrasonic joining can be suitably 
effected by the ultrasonic joining machine. 

Therefore, there can be provided the wire joining method in which the 
high joining strength is obtained in a stable manner. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

The above objects and advantages of the present invention will 
become more apparent by describing in detail preferred exemplary 
embodiments thereof with reference to the accompanying drawings, wherein: 
25 Fig. 1 A is a schematic view explanatory of a preparatory step of one 
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preferred embodiment of a wire-ultrasonic joining method of the invention, and 
Fig. 1 B is a perspective view showing a condition of a wire in this step; 

1 Fig. 2A is a schematic view explanatory of a wire-inserting step of the 
wire-ultrasonic joining method of the above embodiment, and Fig. 2B .is a 
5 perspective view showing the condition of the wire in this step; 

Fig. 3A is a schematic view explanatory of a wire-pressing step of the 
wire-ultrasonic joining method of the above embodiment, and Fig. 3B is a 

perspective view showing the condition of the wire in this step; 

Fig. 4A is an enlarged perspective view showing a conducting portion 
10 of the wire integrally formed into a flat plate-shape, and Fig. 4B is an enlarged 
perspective view showing a modified conducting portion; 

Fig. 5 is a perspective view of an important portion, showing an 
ultrasonic joining step of the wire-ultrasonic joining method of the above 
embodiment; 

15 Fig. 6A is a schematic view showing a related process of integrally 

fixing a distal end portion of a wire, and Fig. 6B is a perspective view showing 
the wire having the integrally-formed distal end portion; 

Fig. 7 is a schematic view showing a process of ultrasonic joining the 
distal end portion of the wire of Fig. 6; 
20 Fig. 8 is a perspective view showing a finished product obtained by 

the production process of Figs. 6 and 7; 

Fig. 9 is a front-elevational view showing a related process of forming 
a conducting portion of a wire into a flat plate-shape; 

Fig. 10 is a plan view of the conducting portion of Fig. 9; and 
25 Fig. 11 is a perspective view explanatory of a problem with the 



conducting portion of Fig. 10. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

5 One preferred embodiment of a wire-ultrasonic joining method of the 

present invention will now be described in detail with reference to the 
drawings. 

. . Figs. 1 to 3 are schematic views, explanatory of one. preferred 

embodiment of the wire-ultrasonic joining method of the invention, Figs. 4A 

10 and 4B are enlarged perspective views, showing examples of distal end 
portions of conducting portions each Integrally formed into a flat plate-shape, 
and Fig. 5 is a perspective view explanatory of a process of connecting the 
conducting portion (integrally formed into the flat plate-shape) to a mating 
connection member. 

15 First, in one preferred embodiment of the wire-ultrasonic joining 

method of the invention, a joining apparatus 10 for integrally forming the 
conducting portion of the wire into a flat plate-shape will be described with 
reference to Figs. 1 to 3. 

As shown in Fig. 1, this joining apparatus 10 includes an ultrasonic 

20 joining machine 11 provided with a vibration hom 12 of a rectangular 
cross-section, a first holding member 13 which is movable along an upper 
surface 12a of the vibration horn 12 in a horizontal direction (left-right direction 
in the drawings), and a second holding member 14 which is movable along a 
side surface 12b of the vibration horn 12 in a direction (upward-downward 

25 direction in the drawings) perpendicular to the direction of movement of the 
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first holding member 1 3. 

The distance W1 between an end surface 13a of the first holding 
* member 13 and an end surface 14a of the second holding member 14 can be 
adjusted by moving the first holding member 13 along the upper surface -12a of 
5 the vibration horn 12, and this distance W1 determines a width of the 
conducting portion 16 of the wire 15 fixed into the flat plate-shape. 

This width can be set, for example, to a joining width corresponding to 
the distance W2 between a pair of side walls 18 of a welding terminal. 17. (see 
Fig. 5). 

10 The first holding member 13 is provided with fixing member (not 

shown) with an adjusting function by which this first holding member 13 can be 
suitably located and fixed in a predetermined position on the upper surface 12a 
of the vibration horn 12. 

A pressing member (movable anvil) 19 is mounted on the second 

15 holding member 14, and is movable along an upper surface 14b of the second 
holding member 14 in the same direction as the direction of movement of the 
first holding member 13. The pressing member 19 is movable upward and 
downward together with the second holding member 14. 

Namely, the conducting portion 16 of the wire 15 is inserted into the 

20 gap (which has been set to the predetermined width W1) between the end 
surface 13a of the first holding member 13 and the end surface 14a of the 
second holding member 14. Thereafter, the pressing member 19 is moved 
left (in the drawings) along the upper surface 14b of the second holding 
member 14 until this pressing member 19 is brought into abutting engagement 

25 with the end surface 13a of the first holding member 13. Then, the second 
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holding member 14 is moved downward (in the drawings), together with the 
pressing member 19, along the side surface 12b of the vibration horn 12, so 
that the pressing member 19 presses the conducting portion 16 of the wire 15 
against the upper surface 12a of the vibration horn 12. 

Next, the method of ultrasonic joining a wire according to the 
invention will be described. 

First, in a preparatory step, the first holding member 13 is suitably 
. moved in a direction of arrow X, thereby setting the distance W1 between the 
end surface 13a of the first holding member 1 3 and the end surface 14a of the 
second holding member 14 to a desired value, and then the first holding 
member 13 is fixed against movement as shown in Fig. 1A. 

On the other hand, a sheath 15a is removed from the distal end 
portion of the wire 15 so that the conducting portion 16 consisting of a plurality 
of core wires is exposed as shown in Fig. 1B. In this condition, the 
conducting portion 16 is in the form of a twisted wire having a round 
cross-section. 

Then, in a wire-inserting step, the exposed conducting portion 16 is 
inserted into the gap (which is set to the value W1) between the end surface 
13a of the first holding member 13 and the end surface 14a of the second 
holding member 14 as shown in Fig. 2A. At this time, although the twisted 
condition of the conducting portion 16 is released as shown in Fig. 2B, the 
conducting portion 16 will not become loose or untidy since this conducting 
portion 16 is held at its three sides by the vibration horn 12, the first holding 
member 13 and the second holding member 14. 

Then, in a wire-pressing step, the pressing member 19 is moved 
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along the upper surface 14b of the second holding member 14 in a direction of 
arrow Y, so that the distal end surface of the pressing member 19 is brought 
•into abutting engagement with the end surface 13a of the first holding member 
1 3 as shown in Fig. 3A. 

Then, the second holding member 14 is moved along the side surface 
12b of the vibration horn 12 in a direction of arrow Z. 

As a result, the pressing member 19 is moved in unison with the 
second holding member. 14 in the direction of arrow Z, and therefore presses 
one surface (upper surface in Fig, 3A) of the conducting portion 16 inserted 
between the end surface 13a of the first holding member 13 and the end 
surface 14a of the second holding member 14, thereby forming the conducting 
portion 16 into a rectangular cross-sectional shape. 

In this case, when the bundle-like conducting portion 16, consisting of 
the plurality of core wires, is pressed in the direction of the thickness thereof, 
the distal end portion of the conducting portion 16 tends to spread in the 
direction of the width thereof. However, this distal end portion can not spread 
since the opposite sides of this distal end portion are restricted by the first and 
second holding members 13 and 14, respectively. 

Then, the ultrasonic joining apparatus 1 1 is operated to vibrate the 
vibration horn 12 (in opposite directions perpendicular to the sheet of the 
drawings), thereby ultrasonic joining the core wires of the conducting portion 
16 together, so that the conducting portion 16 is integrally formed into the flat 
plate-shape having the desired width W1 as shown in Fig. 4A. 

Then, in an ultrasonic-joining step, the conducting portion 16 is set, 
for example, between the pair of side walls 18 of the welding terminal (mating 
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connection member) 17 as shown in Fig. 5, and this conducting portion 16 is 
vibrated by a vibration horn 20 of an ultrasonic joining machine while it is 
, pressed by this vibration horn 20, thereby ultrasonic joining the conducting 
portion 16 to the welding terminal 1 7. 
5 Namely, in the. above wire-ultrasonic joining method, the conducting 

portion 16 of the wire 15, consisting of the plurality of core wires, can be 
beforehand integrally formed into such a flat plate-shape that the 
integrally-formed conducting portion 16 has the. width corresponding to the 
distance W2 between the pair of side walls 18 which is the joining width of the 

10 welding terminal 17. Therefore, there is no fear that the width of the 
conducting portion 16 becomes larger than the distance W2 between the pair 
of side walls 18, and therefore there is no fear that the conducting portion 16 
fails to be set in the welding terminal, and therefore the conducting portion 16 
can be positively joined to the welding terminal 17. 

15 By adjusting the distance between the end surface 13a of the first 

holding member 13 and the end surface 14a of the second holding member 14, 
the width of the conducting portion 16, integrally formed into a flat plate-shape, 
can be suitably changed as at W3 in Fig. 4B, and the conducting portion can 
be easily suited for use with welding terminals 17 of different sizes. 

20 And besides, the conducting portion 16 of the wire 15 is beforehand 

integrally formed into the flat plate-shape in such a manner that its joining 
width is kept to the predetermined value, and therefore it is easy to keep the 
area of contact between the conducting portion 16 of the wire 15 and the 
welding terminal 17 (which are to be joined together) to a predetermined value, 

25 and the ultrasonic joining can be suitably effected by efficiently applying the 



11 



ultrasonic power to the joining portion from the ultrasonic joining machine. 

Namely, when there are variations in the area of contact between the 
conducting portion 16 and the welding terminal 17, there is a fear that the 
ultrasonic power can not be suitably applied to the joining portion, so that the 
5 joining, portion is not sufficiently melted, or is excessively melted, thus causing 
the defective joining. However, the contact area is kept to the predetermined 
value as described above, and by doing so, such defective joining can "be 
prevented 

The wire-ultrasonic joining method of the present invention is not 
10 limited to the above embodiment, and various embodiments can be adopted 
on the basis of the subject manner of the invention. 

For example, in the above embodiment, the welding terminal 17 is 
used as the mating connection member, and the wire 15 is joined to this 
connection terminal 17. However, the mating connection member of the 
15 invention is not limited to such a terminal, and the invention can be applied to 
any other suitable mating connection member such as a wire whose 
conducting portion is beforehand integrally formed into a flat plate-shape and a 
bus bar. 

In the above embodiment, although one wire 15 in the form of a 
20 twisted wire, consisting of the plurality of conducting wires, is ultrasonic joined 
to the welding terminal, the invention can be applied to the case where a 
plurality of wires are simultaneously ultrasonic joined to a welding terminal. 
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